Increased access to antiretroviral therapy (ART) in developing countries over the last decade is believed to have contributed to reductions in HIV transmission and improvements in life expectancy. While numerous studies document the effects of ART on physical health and functioning, comparatively less attention has been paid to the effects of ART on mental health outcomes. In this paper we study the impact of ART on depression in a cohort of patients in Uganda entering HIV care. We find that twelve months after beginning ART, the prevalence of major and minor depression in the treatment group had fallen by approximately 15 and 27 percentage points respectively relative to a comparison group of patients in HIV care but not receiving ART. We also find some evidence that ART helps to close the well-known gender gap in depression between men and women.
Introduction
The burden of disease associated with mental disorders in developing countries is attracting increasing attention (Patel et al. 2007a; Prince et al. 2007 ). Recent estimates suggest that mental disorders may account for as much as 10 percent of total disease burden as measured by disability adjusted life years or DALYs (Patel 2007) , and depression is ranked as one of the top ten leading causes of disease burden measured by DALYs (Lopez et al. 2006) . Rates of mental illness have been shown to be particularly high among people living with HIV. A recent review estimates that the rate of mental disorders among HIV positive individuals is between 44 and 58 percent (Brandt et al. 2009 ). Depression appears to be the most common disorder. In subSaharan Africa, 10 to 20 percent of persons living with HIV have major depression and another 20 to 30 percent have elevated depressive symptoms or minor depression (Brandt 2009; Collins et al. 2006; Myer et al. 2008) . Other studies have also shown higher rates of anxiety, substance use, and posttraumatic stress in people living with HIV (Sebit et al. 2003; Myer et al. 2008) .
While there is a clear association between mental illness and HIV, the direction of causality is less clear. Does being infected with HIV lead to worse mental health or does the causality run in the opposite direction? Both are plausible. There is a large literature showing that individuals with mental disorders engage in higher than average rates of risky behaviors ranging from unprotected sex, to sex with multiple partners, to drug use, making them much more likely to become HIV infected (Rosenberg et al. 2001; Carey et al. 2004; Meade and Sikkema, 2005) . On the other hand, HIV infection may lead to worse mental health because of direct neurological effects of the virus (Freeman et al. 2005 ), psychological stress induced by inability to provide for one's family because of ill health, and the social alienation associated with stigma and discrimination (Chandra et al, 1998; Tostes et al, 2004) . Numerous studies have also documented a strong correlation between poor physical health and poor mental health (Das et al. 2009; Mohanan and Maselko 2010) . Because causality is likely to run in both directions, separating one from the other is empirically challenging.
To shed some light on the question of whether HIV causes mental illness, we study the effect of antiretroviral therapy (ART) on depression. If HIV causes depression, for example through its effect on physical health, then treatment with ART should lead to a decrease in depression rates.
If causality runs primarily in the other direction, then ART should have little or no effect on depression. It is also theoretically possible that ART may worsen mental health, for example because of the stress associated with adherence to a daily regimen of pill taking. Some antiretroviral drugs such as efavirenz have also been found to have psychiatric side effects (Kenedi and Goforth 2011) . The link between HIV and depression is of significant policy interest because depression has been linked to more rapid HIV disease progression (Antelman et al. 2007) , lower adherence to HIV medication (Starace et al. 2002) , and worse outcomes (Cook et al. 2004; Briongos-Figuero 2011) .
The effects of ART on mental health, and in particular on depression have not been well studied.
While there is no shortage of studies documenting the effects of ART on physical health and quality of life (Jahn et al. 2008; Beard et al. 2009) , and on economic wellbeing (Thirumurthy et al. 2008) , much less attention has been paid to the effects of ART on mental health. The available empirical evidence is mixed. While some studies have found beneficial effects (Bock et al. 2008; Jelmsa et al. 2005) , others have found no effect (Freeman et al. 2007; Adewuya et al. 2007 ), and at least one study has found a negative effect of ART on mental health (Pearson et al. 2009 ). The latter study, which was situated in Mozambique, found that depressive symptoms increased after 12 months on ART. A review by Brandt et al. (2009) highlights some of the shortcomings of this literature that make it difficult to draw firm conclusions. Of the 23 studies that were reviewed, only 5 were longitudinal studies and of these, only 2 used a comparison group. This paper makes the following contributions: first we study the impact of ART on an important mental health disorder, depression, second, our panel study design with treatment and comparison groups allows for more robust identification, and third, we differentiate between impacts of ART on minor and major depression and explore whether there are heterogeneous effects by gender.
METHODS

The Study Setting
Uganda is often held up as a HIV/AIDS success story in Africa. Initially one of the highest HIV prevalence countries in the region, the 1990s saw a dramatic decline in HIV prevalence rates from a high of 18.5% in 1992 to about 5% in 2000 (Kirungi et al. 2002) . This decline in prevalence has been attributed to strong proactive government leadership, an effective grassroots prevention campaign, and an open approach to managing the epidemic that helped to reduce the stigma associated with the disease (Schoepf 2003; Slutkin et al. 2006) . Currently, there are an estimated 1.2 million people in Uganda living with HIV/AIDS, about 57% of whom are female, and 12.5 percent of whom are children under 15 (Uganda AIDS Commission 2012).
Heterosexual transmission accounts for the vast majority (80 percent) of HIV infections in Uganda, with mother to child transmission accounting for about 20 percent of cases. There is some indication that HIV infections may be on the rise (Shafer et al. 2008) Although statistics on study refusal were not recorded, the study interviewers indicate that nearly all clients who were eligible agreed to enroll in the study. Eligibility criteria for participation included patient type (patients new to HIV care), age (adults 18 and older), completion of an evaluation for ART eligibility, and a CD4 count < 400 cells/mm 3 . The latter restriction was to increase the similarity between patients in the treatment (ART) group, and patients in the comparison (non-ART) groups, since randomization was not ethical as ART was widely available at the study sites and in most of Uganda.
257 patients were eligible for ART and assigned to the treatment group, while 225 patients met study participation criteria but were not eligible for ART and were assigned to the comparison group. ART eligibility was defined based on clinical criteria (CD4 count <200 cells/mm 3 or WHO Stage III/IV disease), and adherence readiness as assessed through clinic attendance and having a 'treatment supporter'. This is typically a relative or friend who will help the patient access and adhere to treatment. Individuals are only required to identify someone who can play this role; the 'treatment supporter' otherwise does not play a formal role in the patient's treatment. We also note that it is rare for patients to be refused ART because of the inability of the patient to identify a 'treatment supporter'.
All study participants received standard HIV care, which included monitoring and treatment of infections, and prescription of appropriate prophylactic medications. Psychiatric care was not available at the study clinics during the study period, and antidepressants were not used to treat depression; however, counseling services were available to clients when requested or recommended by the provider, and generally consisted of pre-and post-HIV test counseling, ART adherence counseling, and counseling related to HIV disclosure and sexual and reproductive health issues.
Study subjects were assessed at baseline, at 6 months, and again at 12 months. Assessment consisted of a clinical assessment (opportunistic infections, medications, CD4 count), and an interviewer-administered survey. The survey collected information about patient characteristics including economic outcomes; attitudes towards treatment; adherence to medication; sexual behavior, and physical and mental health. All participants also received compensation of approximately $2.50 (6000 Uganda Shillings) after each study assessment. 
Empirical Strategy
Our objective is to estimate the impact of ART on depression. Our basic regression model is a difference-in-difference (D-in-D) linear probability model that compares the change in depression for the treatment group (individuals in the ART group) to the change in depression for the comparison group. All models are estimated on an intent-to-treat basis. The basic model takes the following form:
where ‫݊݅ݏݏ݁ݎ݁ܦ‬ ௧ is a binary indicator for whether an individual has major depression (or minor depression in alternative specifications) at time t. Depression was assessed using the nineitem Patient Health Questionnaire (PHQ-9). The PHQ-9 is commonly used to screen for depression in primary health care settings. It has 9 questions, each measuring the frequency of a symptom over the last two weeks using a rating scale from 0 'not at all' to 3 'nearly every day', and scores are summed (the maximum possible score is therefore 27). A score of 5-9 indicates minor depression, while 10 or higher indicates major depression; within the classification of major depression are three levels of severity: moderate (scores of 10-14), moderate to severe (15-19) and severe (20 and greater) (Kroenke et al. 2001) . ‫݀݁ݐܽ݁ݎܶ‬ is an indicator for whether the individual was assigned to the ART group at baseline. ‫݀݁ݐܽ݁ݎܶ‬ ‫כ‬ 6 ‫ݏ݄ݐ݊݉‬ and ‫݀݁ݐܽ݁ݎܶ‬ ‫כ‬ 12 ‫ݏ݄ݐ݊݉‬ are the explanatory variables of interest. ߚ ଶ and ߚ ଷ represent the impact of ART on depression at 6 and 12 months respectively. ᇱ is a vector of baseline characteristics that include age, sex, education, marital status, health status, employment status, number of children, household size, and household wealth quintiles. We include these variables to control for baseline differences between individuals in the treatment and comparison groups. ߥ ௧ are the time (survey wave) dummies included to control for common time trends.
Health status was measured using the 35-item Medical Outcomes Study HIV Health Survey or MOS-HIV (Mast et al. 2004) . From the MOS-HIV we included the 6-item physical health functioning sub-scale which assesses degree of impairment in performing activities of daily life, and the overall general health scale. Scores were standardized to range from a minimum of 0 to a maximum of 100, with higher scores implying better health. We control for the individual's physical functioning and overall general health at baseline. Employment is a binary variable for whether or not the individual is employed at baseline, and education is also a binary variable for whether the individual has ever attended school. We also include a control for whether the individual reports having a regular sexual partner at baseline. About a quarter of respondents did not provide an answer to this particular question. 2 We include 'no response' as a separate category. Other control variables have standard definitions.
In alternative models, we include person-level fixed effects to control for unobserved (and unmeasured) differences between treated and non-treated individuals. This amounts to a withinperson difference. Note that once we include individual fixed effects, the baseline control variables drop out of the model because they cannot be separately identified from the individual fixed effects. Results from our regression models are reported in Tables 2-4 .
Results
Our sample consists of 482 participants (257 in the treated group and 225 in the comparison group). Baseline characteristics are presented in Table 1 . The mean age was 34.6 years. 36 percent of respondents were male, 91 percent had some schooling, and 42 percent were married.
62 percent also reported being the head of their household and 69 percent had worked outside the home within the 7 days preceding the interview. The average participant was diagnosed as having HIV 17 months before the interview date. This is a relatively poor sample; only 49 percent reported having electricity, 66 percent did not own a TV, and 94 percent did not own either a car or a motorcycle. Not surprisingly, given the study population, 41 percent of respondents reported being in fair or poor health.
[TABLE 1 HERE]
In Table 1 we also compare baseline characteristics of participants in the treatment (ART) and comparison groups. We find that the treatment sample is more educated, more likely to be male, more likely to live in a house with fewer rooms, and have fewer children. They are also more likely to live in a house with electricity. Given ART eligibility criteria (CD4 count <200 cells/mm 3 or WHO Stage III/IV disease), we would expect the treatment sample to be in worse health, and this is indeed the case. 48 percent of individuals in the treated group reported being in fair or poor health, compared to 33 percent of individuals in the comparison group, although a more objective assessment of health using the MOS-HIV tool shows no statistical difference between the two groups. Individuals in the treatment group were also significantly more likely to be depressed at baseline. Given their poorer health, it is not surprising that respondents in the treatment group were less likely to have worked within the preceding 7 days. Other demographic characteristics did not differ between the two groups.
Mental Health: The mean PHQ-9 score for the total sample was 4.1. 29.3 percent of respondents had minor depression (5 ≤ PHQ-9 score ≤ 9), and 8.3 percent had major depression (PHQ-9 > 9).
Among those with major depression, 29 (6 percent of total sample), 7 (1.5 percent), and 4 (0.8 percent) had moderate, moderately severe, and severe depression, respectively. At baseline 12.8 percent of respondents in the treated group had major depression compared to 3.1 percent in the comparison group, and 38.9 percent had minor depression in the treated group compared to 18.2 percent in the comparison group.
[FIGURE 1 HERE]
As a first pass at the data, in Figure 1 , we plot trends in (major) depression over time for the treated and comparison group on an intention-to-treat basis. It is evident from Figure 1 that rates of depression decreased dramatically among treated individuals from 12.8 percent at baseline, to approximately 3 percent by Month 6. By Month 12, the rate of depression had fallen to nearly zero. This decrease is statistically significant (p<0.001). By contrast, in the comparison group, the rate of depression increases from 3.1 percent to 6.4 percent at Month 6, then falls slightly to 4.8 percent by Month 12. We cannot reject the null that there is no change over time (p=0.3).
This first look at the data suggests a strong effect of ART on depression.
Next we turn to the regression results. In Table 2 Column 1, we estimate the model without any control variables, in Column 2, we include baseline characteristics as controls, and in Column 3,
we include person-level fixed effects. Overall, the results are quite consistent and indicate a large effect of ART on major depression. 6 months after starting ART, the probability of major depression (a PHQ-9 score>9) falls by about 13 percentage points in the treatment group relative to the comparison group. This decrease is statistically significant (p<0.01). Given the baseline rate in the treatment group, this is a nearly 100 percent decrease. We do not find any evidence of a change in major depression for the comparison (standard HIV care) group. The coefficients indicate a small but insignificant increase. This latter result should however be interpreted with caution given the low baseline rate in the comparison group.
[ TABLE 3 HERE] In Table 3 , we present results for minor depression (5 ≤ PHQ score ≤ 9). According to the coefficients in our preferred specification in Column 3, individuals in the treated group experienced a 16-percentage point decrease in the probability of minor depression relative to the comparison group. This decrease is statistically significant (p<0.01). By Month 12, this difference had increased to about 27 percentage points. We are able to reject the null of equality between the 6-and 12-month coefficients (p<0.05). In alternative models where the dependent variable is the PHQ-9 score, we find similar results. These results are available from the authors on request.
The coefficients on the control variables (not shown but available on request) are broadly consistent with our expectations. We find that males were about 5 percentage points less likely to be depressed at baseline, individuals who reported working within the last 7 days were about 8
percentage points less likely to be depressed, but individuals with more children were more likely to be depressed at baseline. Consistent with the existing literature, we find a strong correlation between physical and mental health at baseline. A 10 point increase on the MOS-HIV health scale (range 0-100) was associated with a 1 percentage point decrease in the probability of being depressed at baseline, a statistically significant result. Other variables included in the model were generally insignificant.
Are there differential impacts by gender?
The previous literature has shown a gender gap in prevalence of depression and access to treatment in developing countries. Studies show that HIV positive women are significantly more likely than HIV positive men to suffer from depression (Brandt et al. 2009 ). We find a similar pattern in our data. At baseline, 10.4 percent of women in our sample had major depression compared to 4.6 percent of men, a statistically significant difference (p=0.027). Understanding the extent to which ART might help to close this gap is important. To explore whether there are heterogeneous impacts by gender, we estimate regressions in which we interact the two key explanatory variables, ‫݀݁ݐܽ݁ݎܶ‬ ‫כ‬ 6 ‫ݏ݄ݐ݊݉‬ and ‫݀݁ݐܽ݁ݎܶ‬ ‫כ‬ 12 ‫ݏ݄ݐ݊݉‬ with a dummy variable for gender. In Column 5 of Tables 2 and 3 , we show the coefficients from this three-way interaction term. The results suggest that women may experience greater improvements in depression relative to men but this result is not statistically significant. Even though the coefficient is large, we cannot reject the null that it is equal to zero.
Are the effects of ART on mental health mediated by improvements in physical health?
As we have previously pointed out, physical and mental health are strongly correlated (Das et al. 2009; Mohanan and Maselko 2010) . It is therefore possible that the improvements in depression are as a result of improvements in physical health. To explore the potential importance of this channel with our data, we plot changes in mean CD4 cell count (as a marker for improvement in health). Not surprisingly, we find significant improvements in CD4 count for individuals receiving ART (p<0.001), but no change for individuals in the control group (p=0.93). 3 We find similar improvements in the MOS-HIV physical functioning score and the MOS-HIV overall health score. In Column 4 of Tables 2 and 3 , we control for changes in these health status variables in our regression model. Even after controlling for improvements in physical health, ART still has a strong effect on depression -the magnitude of the coefficient is only reduced slightly. We obtained similar results when we controlled directly for changes in CD4 count (results available on request).
[FIGURE 2 HERE]
Robustness checks
Attrition
In our analyses so far, we have ignored attrition. Attrition is a concern in any longitudinal survey. When following a cohort of individuals over time, it is inevitable that some individuals will be lost to follow up because they moved, died, or because they just dropped out of the study.
In our study, we started out with 482 study subjects; 143 (29.7 percent of the sample) had dropped out of the study by 6 months (90 in the treatment group and 53 in the comparison group). An additional 30 participants dropped out between 6 and 12 months (5 in the treatment group and 20 in the comparison group). First we check whether attrition was random. If attrition was random, then this presents no further problems for our analyses. If however attrition was non-random, then our estimates need to take this into account.
We estimate a probit model in which we regress a dummy for attrition on baseline characteristics (results not shown) and carry out a Wald test of joint significance of all the variables in the model. This tests whether attriters are different from attriters in observable characteristics. The Chi 2 -statistic from this test is 59.7 (p = 0.001), suggesting that attrition is not random. 4 Attriters, for example, were more likely to attend church, have young children, and be in worse health. To correct for this, we calculate inverse probability weights following methods proposed by Fitzgerald et al. (1998) . This essentially reweights the sample, giving higher weight to individuals in the sample with similar observable characteristics to those who drop out. In Table   4 , we rerun the specifications in Column 3 of Tables 2-3 , this time including the inverse probability weights. It is clear that our results are robust to controlling for attrition. Coefficient sizes are quite similar to those obtained from models without inverse probability weights.
[ 
Non-random treatment assignment
Another issue we address in our robustness checks is non-random treatment assignment. As is evident from Table 1 , individuals assigned to the treatment (ART) group had different characteristics from those assigned to the comparison (standard care) group. Since assignment to ART was based on CD4 counts (CD4<200) and disease stage, we would expect treated individuals to be in worse health than untreated individuals. We show in Tables 2 and 3 that our results are robust to inclusion of an extensive list of baseline characteristics including baseline health status, and are also robust to the inclusion of person-level fixed effects, which control for any fixed unobservable differences between treated and non-treated individuals. As an additional robustness check, we re-estimate the results using a tighter window around the cutoff to make treated and comparison individuals more similar. When we restrict the sample to individuals with CD4 counts just above and below the cutoff -between 100 and 300, we obtain qualitatively similar results (results available on request).
Crossover
Finally we address the issue of crossover between groups. Forty-seven individuals who were not eligible for ART at baseline became eligible during the study period, effectively crossing over from control to treatment. Nine individuals also switched from treatment to control due to discontinuation of treatment. Our analysis was done on an intention-to-treat basis, meaning that an individual is "treated" or "untreated" based on treatment assignment status at baseline.
Excluding individuals who 'crossed over' from the analysis does not change our point estimates (results available on request).
Discussion
Our results indicate that treatment with ART has a large and statistically significant effect on depression. We found that after 12 months of receiving ART, the prevalence of major depression had fallen to nearly zero in the treatment group while rates of major depression in the comparison group remained statistically unchanged. The latter result should be interpreted with caution however because of the much lower rates of major depression in the comparison group at baseline. To put our results in the context of the existing literature, our findings are broadly consistent with studies by Bock et al. (2008) We also found a large decrease in the prevalence of minor depression in the treatment relative to the comparison group. Previous studies to our knowledge have not studied the effects of ART on minor depression. Our results indicate that ART effects may extend across a wider range of depression severity. We also found a modest decrease in rates of minor depression in the comparison group. It is possible that these modest improvements in the comparison group are due to beneficial effects of being in HIV care -as we discussed earlier, all patients (including those in the comparison group) received medical care and treatment for opportunistic infections and were also exposed to counseling. While this seems plausible, we caution that the decrease in the comparison group may simply reflect time trends. To separately identify the effects of standard care from the effect of time trends, we would need a comparison group for the comparison group, for example a group of HIV positive individuals not enrolled in a HIV clinic.
Why does treatment with ART have such dramatic impacts on depression? If the improvements in mental health are driven by improvements in physical health, one might expect that controlling for changes in health would reduce the magnitude of the treatment effect. As is evident from Column 4 in Tables 2 and 3 , controlling for improvements in physical health only reduces the effect of ART on depression slightly. This suggests that ART appears to be exerting its effect largely through a channel that is separate from improvements in physical health, at least along the dimensions that we measure.
There are other reasons why ART might alleviate depression. ART effects on depression may for example operate through an increased feeling of control over one's health. There is a literature in cognitive psychology that shows that even the semblance of control can result in improved psychological wellbeing (Lundberg et al. 2007 ). 5 One could however argue that the non-ART patients were similarly taking control of their health by entering into HIV care. They just happened to be fortunate enough not to need ART at baseline. It is therefore debatable as to whether this sense of control would differ between the two groups.
Despite our best efforts, several limitations remain. First we have a high level of attrition (approximately 36 percent of the sample attrited by 12 months). This level of attrition is high but not excessively so when compared to other longitudinal studies in developing countries (Hill 2004; Alderman et al. 2001) . We correct for attrition bias (assuming selection on observables)
following methods outlined by Fitzgerald et al. (1998) and find, consistent with other studies, (see Alderman et al. 2001 and Falaris 2003) , that attrition bias is not a serious problem. Another limitation of our study is non-random treatment assignment. We deal with this by controlling for observable differences at baseline between patients assigned to the treatment vs. comparison group. We also control for time-invariant unobservable differences by including person-level fixed effects. We show that our results are robust to both.
Finally, it is possible that our estimates are not causal. For example if patients in the treatment group were exposed to more support from clinical staff and peers, then our estimates are biased upwards because they include the effect of the additional support provided to patients receiving If anything, since individuals in the treatment group were sicker to begin with, it is possible that their mental health would have declined at a faster rate than for individuals in the control group.
To the extent that this is true, then we are underestimating the effect of ART.
Conclusion
Billions of dollars have been spent on improving access to ART in developing countries but it is uncommon for ART programs to include professional mental health services. Recent reports have highlighted this gap and have called for HIV treatment programs to integrate mental health identification and treatment (Freeman et al. 2005) . This study documents strong beneficial effects of ART on depression. One interpretation of our results is that the relative absence of mental health care in HIV programs throughout sub-Saharan Africa may be less worrisome if ART has such a strong benefit on alleviating depression. However, it is important to recognize that the mental health benefits we observed may represent a 'honeymoon' effect and that over time, as physical health stabilizes and receipt of HIV care falls back into the overall context of every day life, factors influencing the presence of depression may return to the forefront. While in this study we show that beneficial effects on depression persist up to 12 months after beginning treatment, studies with longer follow up periods will be needed in order to measure long-term effects. 6 Finally we note that we only study the effect of ART on a particular kind of mental illness, depression, and these results should not be taken as indicative of effects on other forms of mental illness. To the extent that ART does not have similar beneficial impacts on other mental disorders, professional psychiatric services will continue to be needed. are omitted to save space. 4 Baseline characteristics include age, sex, schooling, marital status, health status, whether the patient is the household head, employment, number of children, ethnic group, religiosity, alcohol use, number of months HIV+, current partner status, household characteristics, wealth index, and interviewer fixed effects. Note that these drop out in the fixed effects specification in Columns 3-5. 5 These include self-reported health, MOS-HIV physical functioning score, and the MOS-HIV overall health score.
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